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EXECUTIVE SUMMARY 
 
Source of the Nile Fish farm (SON) is located at Bugungu area in Napoleon Gulf, northern Lake 
Victoria. The proprietors of the farm have a collaborative arrangement with NaFIRRI to 
undertake quarterly environment monitoring of the cage site as is mandatory under the NEMA 
conditions. The monitoring surveys cover selected physical-chemical factors i.e. water column 
depth, water transparency, water column temperature, dissolved oxygen, pH and conductivity; 
nutrient status, algal and invertebrate communities (micro-invertebrates/zooplankton and macro-
invertebrates/macro-benthos) as well as fish community. The second quarter survey for the 
calendar year 2015, which is the subject of this report, was undertaken in June 2015. 
Results/observations made are presented in this technical report along with a scientific 
interpretation and discussion of the results with reference to possible impacts of the cage 
facilities to the water environment and aquatic biota. 
 
Depth profiles and water transparency and GPS positions were determined with an Echo 
sounder, black and white secchi disc and a GPS device respectively. Water column temperature, 
dissolved oxygen, pH and conductivity were measured in-situ with a submersible multiprobe 
CTD. Water samples for determination of nutrient levels and algal status were collected with a 
van Dorn sampler. Selected dissolved nutrients were analyzed by spectrophotometric methods. 
Zooplankton samples were collected with Nansen type conical plankton net of 0.24m mouth 
opening and 60µm Nitex mesh. Macro-benthic community was sampled with a Ponar grab of 
open jaw area, 238cm
2
. Algal and invertebrate samples were analyzed for species composition 
and abundance under inverted and binocular microscopes as appropriate and with use of 
appropriate taxonomic manuals. Fish were sampled with fleets of gill-nets of varying mesh sizes, 
taxonomically identified and species numbers and abundance established per site. Observations 
were also made on aspects of the biology and ecology of the fishes caught. 
 
The water column depth wasdetermined as 3.5 -18.1 metres at USC; 4.3 - 6.9 metres at WC; 3.8 
- 5.1 metres at DSC.  Mean secchi depth varied slightly with 1.9 ± 0.252 at USC, 1.8 ± 0.06 at 
WIC and 1.7 ± 0.06m at DSC. Turbidity of the water ranged between 0.5 (DSC) and 3.9NTU (at 
WC).  Dissolved oxygen was 7.7 ± 0.510at USC; 7.9 ± 0.267 at WIC, and 7.3 ± 0.107 mg/L at 
DSC. Water temperature was within acceptable levels for aquatic life i.e. 27.2 ± 0.32 °C at USC 
and slightly warmer at WIC (27.4 ± 0.25 °C). Values of  pH  across the study three transects 
indicated slightly alkaline state with 8.6 ± 0.432 at WC, 8.4 ± 0.319 at USC and 8.3 ± 0.166 at 
DSC. Conductivity decreased across the three study transects with 108.3 ± 3.808 µScm-1at USC; 
103.7 ± 4.845 at WIC and 100.5 ± 2.256 µScm-1at DSC. The BOD5 across the three transects 
was within the range for freshwaters i.e. 6.3 ± 0.656 mg/L at USC; 10.4 ± 0.248 at WIC and 4.2 
± 0.316 mg/L at DSC.  
 
Blue-green algae were the dominant algal group at all the three study sites and this was 
consistent with all previous observations. While algal species richness of both blue-green and 
green algae, seemed to be influenced by the fish cages, diatoms appeared unaffected. However, 
algal species richness in general decreased progressively from USC, through WIC to DSC. Algal 
wet biomass was much higher at the site with fish cages compared to the other two study sites, a 
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trend that deviated markedly from that of March 2015 but was comparable to the 2011 quarterly 
trends (see Mwebaza-Ndawula et al. 2013). 
  
Copepoda was the dominant zooplankton group in terms of numerical abundance while rotifer 
dominated the species richness at all the study sites. Both zooplankton average species richness 
and numerical abundance for all the three taxonomic groups were higher at the control site 
(USC) and decreased progressively through the site with fish cages (WIC) to the downstream site 
(DSC). Total average abundance was above the 100,000 ind. m
-2
 mark at all study sites with a 
maximum value of 767,683 ind. m
-2
 recorded at USC.  
A total of 16 macro-benthic taxa belonging to 8 broad taxonomic groups (Bivalvia, Gastropoda, 
Ephemeroptera, Trichoptera, Odonata, Diptera, Decapoda and Annelida) were encountered. 
Dipterans registered the highest average density (1820 ind. m
-2
). Macro-benthos that are most 
sensitive to pollution (EPTs) exhibited a moderate density of 150 ind. m
-2
. Taxa number of 
macro-benthos was higher (14) at the site with fish cages (WIC) relative to the number at the 
control site (USC) and the downstream site (DSC). Absolute abundance was much higher (1793 
ind. m
-2
) at the control site and was lowest (560 ind. m
-2
) at the site with fish cages. 
 
A total of 4 fish species, including haplochromines (Nkejje) as a single species group, were 
recorded. Numerically, haplochromines (Nkejje) and Lates niloticus dominated the catch.  
Higher fish species richness (3 species) occurred at the site with fish cages (WIC) while lower 
species number was recorded at DSC (2). Fish mean catch rate (fish/net/night) was highest at 
WIC (1.3) followed by USC and DSC.   Highest fish biomass was recorded at DSC (136.2 gm) 
followed by WIC and USC. Four species of haplochromines were recovered with Astatotilapia 
sp. as the numerically dominant species. The highest haplochromine diversity (3 species) was 
recovered at the control (USC) site. Mean catch rates for haplochromines was 0.7 fish/net/night 
and 100.9g/net/night.  
 
Based on the observations made, there appears to be no indication of degrading water quality 
conditions in respect of the investigated physical-chemical parameters which were all below 
recommended values in the SOPs for cage establishment in Uganda (DiFR-NaFIRRI Draft 
guidelines). Concentrations of all the investigated nutrient parameters were found to be below 
those considered toxic to fish and other aquatic organisms according to Boyd (1996, 
Sreenivasan, (1965), Joseph et al., (1993) and Maitland, (1990) except for Ammonium -nitrogen 
and were also below permissible levels of NEMA (1995).  As well, the observations made on 
algae, invertebrate and fish communities composition and abundance patterns indicated no 
negative impacts from cage fish operations at SON fish farm. 
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1.0 BACK GROUND  
The proprietors of Source of the Nile (SON) fish farm have a collaborative arrangement with 
NaFIRRI, a lead agency in fisheries research and innovations, to undertake quarterly 
environment monitoring surveys at their cage fish farm. The agreed areas for monitoring are: 
selected physico-chemical parameters (column depth, temperature, dissolved oxygen, pH, 
conductivity, secchi depth); total suspended solids (TSS); nutrient status; BOD5) and biological 
parameters (algae, zooplankton, macro-benthos and fish). Water and biological samples as well 
as field measurements were taken at 3 sites: within the fish cage rows (WIC/experimental), 
upstream (USC/control) and downstream (DSC) of the fish cages. The key research question 
was: Do fish cage operations have impacts on the water quality and aquatic biota in and around 
the SON cage fish farm? The environment monitoring surveys were projected to cover a full 
calendar year (i.e. from January to December). The first surveys were undertaken in 2011 and 
have continued on an annual basis since then to date.  
The present report presents field observations made for the second quarter survey undertaken in 
June 2015 and provides a scientific interpretation and discussion of the results with reference to 
possible impacts of the cage facilities to the water environment and the different aquatic biota in 
and around the fish cage site. 
 
2.0 STUDY AREA 
Source of the Nile Fish Farm is located at Bugungu area at the western end of the Napoleon gulf 
in northern Lake Victoria (Fig. 1). The farm lies a few kilometers south of the source of the 
River Nile and is presumed to be influenced by the headwaters of the river as it flows 
downstream from its lake origin to the nearby Owen Falls and Nalubaale Dams.  The farm 
currently comprises 426 fish cages (arranged in rows in a west-to-east formation, anchored by 
weights and buoyed by large plastic floaters. The current water column depth at the farm/study 
site ranges from 3.4 to 18.1m. Over the years of operation of the farm, the number of fish cages 
has steadily increased and the area under cages has expanded. To date the latter has increased to 
cover what was originally designated as USC or control site. As a result, the monitoring team has 
had to re-locate the control site (USC) to a point further upstream away and beyond the present 
coverage of the fish cages.  
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Figure 1.  Schematic presentation of the study area (A) and (B), map of the study area showing 
location of SON Fish Farm and study transects: USC- upstream of cages; WIC- within cages and 
DSC- downstream of cages, in northern Lake Victoria. 
 
3.0 MATERIALS AND METHODS 
3.1 Depth profiles and water transparency and GPS positions 
An Echo Sounder was used to determine the total depth at each study site. A black and white 
Secchi disc harnessed with a 1-metre marked rope was used to measure water column 
transparency. All in-situ measurements were made in triplicate for the purpose of assessing 
variation in each parameter at each sampling point. Coordinate locations for each site were 
determined with a GPS device and used to prepare the site location map (Figure 1).  
3.2 Physical-chemical environment 
Physical-chemical parameters (water column temperature, dissolved oxygen, pH and 
conductivity) were measured in-situ with a submersible multiprobe CTD at each site and the data 
down-loaded on to a computer for subsequent analysis. 
3.3 Nutrient status 
Water samples for the determination of nutrients and algae status were collected with a van Dorn 
sampler, placed in clean, labeled plastic bottles for laboratory analysis. Water samples for 
determination of dissolved nutrients (i.e. Soluble Reactive Phosphorus (SRP), Ammonia-
nitrogen (NH3-N), Nitrate-nitrogen (NO3-N) and Total Nitrogen (TN) were filtered and analyzed 
by spectrophotometric methods following procedures by Stantoin et al. (1977). Other water 
samples were also analyzed for total suspended solids (TSS). Water samples for determination of 
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algal composition and biomass were placed in clean, labeled glass scintillation vials and 
examined using an inverted Microscope following methods by Mosille (1984) and Hotzel & 
Croome (1998). 
 
 3.4 Zooplankton and macro-benthos  
Three replicate zooplankton samples were collected with a conical net of 0.25m diameter and 60 
µm mesh. Filtered samples were placed in clean plastic bottles and fixed wit h 4% sugar 
formalin. In the laboratory samples were rinsed in tap water over a 50 µm Nitex mesh and 
diluted to a suitable volume depending on the concentration of each sample. A series of 2, 2, and 
5 sub-samples were taken from a well agitated sample using a calibrated automatic bulb pipette, 
each placed on a plankton counting chamber and examined under an inverted microscope at x100 
magnification. Individual organisms were taxonomically identified using taxonomic manuals by 
Boxshall & Braide (1991), Korinek (1999), Korovchinsky (1992) and Koste (1978). Members of 
each species were enumerated. 
 
Generation of macro-benthos data involved taking sediment samples with a Ponar grab (open 
jaw area, 238cm
2
). Three replicate hauls were taken from each sampling point. The bottom type 
and texture was determined by visual examination and feel between two fingers. Each haul was 
concentrated placed in clean, labeled sample bottle, and preserved with 5% formalin. Each 
replicate sample was rinsed with tap water and spread out on a white plastic tray. Benthos were 
sorted from the sediment using forceps and each sample examined under a dissecting binocular 
microscope at x 400 magnification. Identification was done using taxonomic manuals by Pennak 
(1953), Mandhal-barth, (1954) and Epler (1995). All taxa were recorded and individuals of each 
taxon enumerated. 
 
3.5 Fish community 
Three fleets of gill-nets comprising panels of mesh sizes 1” to 5.5” in 0.5” increments, and 6 to 8 
in 1” increments were set overnight at USC, WIC and DSC. The nets were set between 1800hr to 
1900hr and retrieved the following day between 0600hr and 0700hr. Fish caught by different 
nets in each fleet were sorted and identified as in Greenwood (1966). Specimens of 
haplochromines that are not easily identifiable in the field were given field names, and preserved 
for more detailed laboratory taxonomic procedures as in Greenwood (1981). For each species, 
the number, total weight (g) and individual lengths (cm) of the fish were recorded. Fork length 
(FL) was measured for all fish species with forked caudal fins and Total Length (TL), for fishes 
with entire fins. Biometric data (Total and Standard length, body weight, sex and gonad maturity 
state, stomach fullness and fat content) were recorded for individual fishes. Fish stomachs were 
preserved for laboratory analysis of the contents as in Bagenal and Braun (1978). The fish were 
further examined for any infection (parasitic or bacterial) both on the surface and within the 
visceral cavity. 
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4.0 RESULTS AND INFERENCES 
4.1 Profiles on physical conditions at cage sites  
4.1.1 Total depth profiles at the study sites 
The water was deeper at USC with the deepest point being 18.1metres (at USC site 2). In all the 
three transects (USC, WC and DSC) (Table 1) site 1 was shallowest because of its proximity to 
the shoreline. The deep waters at USC acts as the headwater for the cages, providing sufficient 
volume of water that promotes flushing of any wastes from the cages downstream. 
 
Table 1. Total depth (m) profiles across study sites at SON fish farm, June 2015. 
 
 Site USC WC DSC 
3 16.5 6.2 5.1 
2 18.1 6.9 5.0 
1 3.4 4.3 3.8 
 
 
4.1.2  Secchi depth 
Measurements of secchi depth provide information on the extent of transparency the water 
column. It is an indicator of how much suspended materials (i.e. algae, silt etc) is there that can 
influence the penetration of sunlight through the water column. Very low secchi depth of less 
than 1 metre may point to highly turbid water while high secchi depth reading portrays less 
turbid and less polluted water body. Turbid water hinders visibility for the fish and its ability to 
find food or escape from predation 
Mean values of secchi readings did not show marked variation across the three study sites i.e. 1.9 
± 0.252 at USC, 1.8 ± 0.06 at WIC and 1.7 ± 0.06 metres at DSC (Fig. 2). Lack of clear variation 
of secchi depth readings suggested that the fish cages at WIC did not have a significant effect on 
water transparency in and around the fish farm.  
 
 
Figure 2.  Secchi depth readings across the three study transects at SON fish farm, June 2015 
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4.1.3 Turbidity 
Turbidity of a water body is a result of either floating algae, the presence of re suspended 
sediment particles from the lake bottom or any other foreign materials such as silt from the 
catchment. In the June 2015 survey, turbidity of the water ranged between 0.5 NTU at DSC 
and3.9 NTU at WIC (Fig. 3). This range is considered low compared to a level of 200 NTU that 
is known to greatly reduce visibility within the water column.  In case high turbidity is a result of 
floating particles, it can cause clogging of fish gills thereby reducing oxygen diffusion across the 
gill epithelia, which may lead to suffocation and death. Highly turbid water may block fish from 
readily locating its food and also increases fish susceptibility to predation.  
 
 
 
 
Figure 3. Turbidity (mean ± SD) variation across study transects at SON, June 2014 
 
 
4.1.4 Temperature 
Fish in cages require an optimal temperature range of between 25 to 32°C for successful growth 
and production (Joseph et al, 1993). A significant  shift from optimal temperature range is likely 
alter the metabolic rate of the fish and cause stress that may hinder normal growth or even result 
in massive fish death. Although fish have the ability to detect changes in temperatures and under 
natural conditions respond by swimming to other areas where conditions are favorable, this may 
not be possible under captivity in cage conditions. The observed mean temperature across the 
study transects indicated that the water was slightly warmer at USC than at the other two 
transects (Fig. 4). The recorded temperatures: 24.2 ± 0.04°C at USC; 24.1 ± 0.13°C at WC and 
24.0 ± 0.23 º C at DSC were all slightly below the recommended level for fish production but 
were expected to shift to higher levels in the course of the day and were therefore not considered 
a threat to the fish in the cages or around in the wild or surrounding water.  
 
4.1.5 Temperature 
Fish in cages require an optimal temperature range of between 25 to 32°C for successful growth 
and production (Joseph et al, 1993). A significant  shift from optimal temperature range is likely 
alter the metabolic rate of the fish and cause stress that may hinder normal growth or even result 
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in massive fish death. Although fish have the ability to detect changes in temperatures and under 
natural conditions respond by swimming to other areas where conditions are favorable, this may 
not be possible under captivity in cage conditions. The observed mean temperature across the 
study transects indicated that the water was slightly warmer at USC than at the other two 
transects (Fig. 5). The recorded temperatures: 24.2 ± 0.04°C at USC; 24.1 ± 0.13°C at WC and 
24.0 ± 0.23 º C at DSC were all slightly below the recommended level for fish production but 
were expected to shift to higher levels in the course of the day and were therefore not considered 
a threat to the fish in the cages or around in the wild or surrounding water.  
 
 
 
Figure 5. Variation in temperature (
0
C) across study transects at SON, June 2015  
  
 
4.1.6 Dissolved oxygen  
Dissolved Oxygen is important for fish survival. Concentrations below 3mg/L are considered 
unsuitable for most freshwater fish production (Chapman, 2000; Joseph et al, 1993). During the 
June 2015 survey the concentration of dissolved oxygen ranged between narrow limits i.e. 7.7 ± 
0.510at USC, 7.9 ± 0.267 at WC, and 7.3 ± 0.107 mg/L at DSC (Fig. 6) although a peak 
concentration was apparent at the site with fish cages (WIC). These oxygen concentrations were 
considered suitable to support fish in the cages and surrounding waters.  
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Figure 6. Variation in Dissolved oxygen (mean ± SD) across study transects at SON fish farm, June 
2015 
 
4.1.6 pH 
Monitoring the pH of water especially in areas where cage culture is being practiced is important 
because of the role pH plays on other environmental factors. When pH tends towards high 
alkaline conditions it triggers the formation of ammonia which is toxic to fish. On the other hand 
when pH drops towards acidic conditions, it may cause the dissolution of toxic elements like the 
heavy metals which can have negative impacts on fish health. Results of the June 2015 showed 
minimum variation of pH on the alkaline side with 8.6 ± 0.432 at WIC, 8.4 ± 0.319 at USC, and 
8.3 ± 0.166 at DSC (Fig. 7). The recommended optimal pH range for successful freshwater 
aquaculture production is between 6 to 9 (Chapman, 2000). The present observations therefore 
indicate normal range pH for fish production at SON and surrounding areas and there was no 
evidence of influence of fish cages on this parameter.  
 
 
Figure 7. Variation in pH (mean ± SD) across study transects at SON fish farm, June 2015 
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4.1.7 Conductivity 
This is an important environmental factor because it may allude to occurrence of pollution in the 
area. Most freshwaters in a pristine state may have conductivities up to 200 µScm
-1 
(Wetzel, 
1983). Conductivities may be influenced by the basement rock. Most parts of Lake Victoria have 
conductivity ranging between 90 to 110µScm
-1
. During this monitoring the conductivity (mean ± 
SD) across the three transects decreased from the control site towards the downstream site, with 
108.3 ± 3.808 µScm-1  at USC, 103.7 ± 4.845 at WIC and 100.5 ± 2.256 µScm-1) at DSC (Fig. 
8.These values are considered to be within the range normally encountered in most tropical 
freshwaters and are suitable for fish production. No discernible influence of the fish cages was 
observed. 
 
 
Figure 8. Variation of conductivity across study transects at SON fish farm, June 2015 
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4.2 Nutrient status 
4.2.1. Soluble Reactive Phosphorus (SRP) 
Soluble reactive phosphorus (SRP) ranged from 0.123mg/l upstream (USC) to 0.127mg/l 
downstream (DSC). This range was probably influenced by regeneration of phosphorus 
bottom sediments (Kisand & Noges, 2003). Suspended phosphorus is normally released to 
surface waters (Baldwin et al, 2003).  The highest value of SRP (0.133 mg/l) was recorded 
at the site with fish cages (Fig. 9) and this may have resulted from the presence of uneaten 
fish feeds and as excretory products of fish in the cages. 
 
 
 
Figure 9. Variation of Soluble Reactive Phosphorus (SRP) across study transects at SON cage fish 
farm, June 2015. 
4.2.2 Nitrate-Nitrogen (NO3-N) 
 
The mean nitrate-nitrogen levels did not vary much across the three study sites save for a slight 
progressive increases from 0.058mg/l at USC, to 0.068mg/l at WIC and to 0.073mg/l at DSC 
(Fig. 10). Nitrate and nitrite can naturally be released from uneaten fish food via microbial 
activity as cited in Rabalais (2002) and from the caged fish themselves (Pei-Yuan et al, 2001). 
 
 
 
Figure 10.  Variation Nitrate -Nitrogen (NO3-N) across study transects at SON cage fish farm, 
June 2015 
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4.2.3 Ammonium-Nitrogen (NH4-N) 
 
Ammonia-nitrogen concentrations did not vary much at all the study sites.  It was 0.092 mg/l at 
USC, decreased slightly to 0.089 mg/l at WIC and increased to 0.102 mg/l at DSC (Fig. 11) but 
the variation was not significant. Ammonia influences the dynamics of dissolved oxygen in 
water (Timmons et al., 2002). The slight increase DSC was probably due to increase in bacterial 
action and heterotrophic activity (glucose – mineralization rate) (Carr & Goulder 1990).   
 
 
Figure 11. Variation of ammonium-nitrogen across the study sites at SON fish farm, June 2015.  
 
4.2.4 Total Nitrogen (TN) 
 
The mean TN concentrations were highest (0.095mg/l) at the control site (USC), thereafter 
decreasing steadily to 0.063mg/l and 0.058mg/l at WIC and DSC respectively (Fig. 12).  The 
higher TN values at USC could have been influenced by erosion from activities within the 
catchment and likely resulting in higher metabolic rates but the effects decreasing downstream. 
 
 
Figure 12. Variation of Total Nitrogen at the SON study sites, June 2015. 
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4.2.5 Total phosphorus (TP) 
 
Mean Total phosphorus concentrations were highest (0.102mg/l) at the site with fish cages 
(WIC) and lowest at the control site (USC) 0.097mg/l USC and 0.100mg/l DSC. The TP levels 
were within those for natural waters (0.01 to more than 200mg/l) (Tiensongrusmee, 1986). 
Excess levels of phosphate in water will trigger an over bloom of phytoplankton which will 
deplete oxygen levels in water. 
 
Figure 13. Variation of Total phosphorus across study sites at SON, June 2015 
 
4.2.6 Total Suspended Solids (TSS) 
 
Mean concentrations of Total Suspended Solids ranged from 2.3mg/l USC and WIC to 1.4mg/l 
at DSC (Fig. 14). The higher levels at USC and WIC may have resulted from agricultural 
activities within the catchment (Walmsey et.al, 1980) but probably diluted out due to flushing 
effects at DSC. As well, uneaten fish feeds and faecal solids could may have contributed to the 
high TSS concentration at WIC (Tlusty et.al, 2000) and consequently minimizing localized 
effects of the fish farm (Boyd et al.2001). Partial shading by suspended solids can favour the 
development of cyanobacterial blooms (Harding & Paxton, 2001). 
 
 
 
Figure 14. Variation of Total Suspended Solids (TSS) across the study sites at SON, June 2015 
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Of all the nutrients investigated, only Soluble Reactive Phosphorus (SRP) appeared to have been 
influenced by the fish cages at WIC although it remains to be confirmed if it is a consistent 
feature or was just an interim situation at the time of sampling. 
 
It was noted that concentrations of all investigated parameters were below those considered 
negative (or toxic) to the wellbeing of the fish although the recorded phosphate levels were less 
than the normal range of 0.1mg - 0.2mg/l (Sreenivasan, 1965) for the sustenance of 
phytoplankton density that forms the natural fish food especially for tilapine fishes.  Ammonia 
levels showed a comparable pattern.  In fish culture, ammonia is limited to 0.2 - 2.9 mg/l ionized 
ammonia (NH4+ (Joseph et al, 1993). The concentration of total suspended solids (TSS) in all 
sampled sites was generally low (< 25 mg/l) according to Maitland (1990). The observed range is 
desirable for fish culture as high particulate matter may clog fish gills.  
According to Boyd (1996), ammonia level of 0.01- 0.05mg/l is considered safe. The permissible 
levels by NEMA are for ammonia - nitrogen: 10mg/l; for nitrite-nitrogen:  2 – 20 mg/l; for 
soluble reactive phosphorus: 5.0 mg/l and for total suspended solids: 100mg/l). Although all 
investigated nutrients were found to be at low levels, they may occur at high levels in the 
sediment.  
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4.3 Algal community  
4.3.1 Algal composition 
The algal community was constituted by three major taxonomic groups:  Blue-green, Green and Diatoms. 
A total of 21 algal were recorded at DSC, 30 species at WIC and 34 at UPS (Table 2). Colony-forming 
algae of the genera Microcystis, Aphanocapsa, Chroococcus, Aphanocapsa, Anabaena, Merismopedia,  
Coelosphaerium and filametious algae of the genera Planktolyngbya, contributed the  bulk of blue-green 
algae  in all the three study transects (Table 2). Highest species richness of blue-green algae occurred at 
the site with fish cages (WIC) while for green algae it was recorded at the control site (USC) and for 
diatoms higher species numbers were at WIC and USC. Overall species richness was highest USC and 
decreased through WIC to DSC. 
 
Filamentous algae of the genera: Ankistrodesmus,Closterium, Monorophidium, Actinastrum and the 
coccoid-forming algae of the genera: Scenedesmus and Didymocystis together with the curved C-like 
algae of the genera: Crucigenia, Kirchneriella and the oval-celled algae Oocystis, Chlorella together with 
the flower-like algae of the genera Pediastrum constituted the green algae. Nitzschia, Navicula , Synedra, 
Rhizosolena and Cyclostephanodesmsus constituted the diatom community (Table1).  
 
Table 2.  Species composition of algae across the three study sites at SON fish farm, June 2015 
Blue-green algae DSC WIC USC 
Chroococcus limnetica X X X 
Aphanocapsa nubilium 
 
X X 
Aphanocapsa incerta 
 
X X 
Aphanocapsa delicatissima 
 
X X 
Aphanocapsa holistica 
 
X 
 Chroococcus dispersus X X X 
Aphanocapsa spp X 
 
X 
Merismopedia tenussima X X X 
Anabaena circinalis X X X 
Anabaena compacta  
 
X 
 Anabaenopsis tanganyikae 
  
X 
Chroococcus minutus 
 
X X 
Chroococcus aphanocapsiodes X 
 Coelomoron tropicale X 
  Coelomoron pusila 
 
X 
 Coelosphaerium kuetzinganianum X X 
 Aphanocapsa elachista X 
 
X 
Planktolyngbya limnetica X X X 
Planktolyngbya circumcreta X X X 
Planktolyngbya tallingii  X X X 
Planktolyngbya contorta X 
 
X 
Psuedoanabaena spp X X X 
Microcystis flos-aquae 
 
X X 
Microcystis aeruginosa 
 
X 
 Total blue-green algae 13 19 17 
Green algae 
   Scenedesmus perfolatus X X X 
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Monoraphidium contortum X X X 
Kirchneriella subsolitaria X 
 
X 
Kirchneriella obesa 
 
X 
 Closterium acerosum X 
  Ankistrodesmus falactus X 
 
X 
Ankistrodesmus fusformis  
  
X 
Chlorella spp 
 
X X 
Chodatella spp 
  
X 
Crucigenia fenestrata 
 
X 
 Pediastrum simplex 
  
X 
Scenedesmus curvatus 
  
X 
Acitnastrum spp 
 
X X 
Didymocystis tuberculata 
  
X 
Oocystis borgei X 
 
X 
Total green algae 6 6 12 
Diatoms 
  
X 
Synedra cunnigtonii 
 
X X 
Nitzschia acicularis X X X 
Nitzschia fonticola X X 
 Navicula gastrum 
  
X 
Cyclostephanodiscus  spp 
 
X X 
Rhizosolena spp 
 
X 
 Total diatoms 2 5 5 
Total 21 30 34 
 
4.3.2 Algal biomass 
Blue-green algae continued to dominate the biomass in all the study transects with the highest biomass 
recorded at WIC (Fig. 15) and this trend is as previously reported by Mwebaza-Ndawula et al. (2013). 
This trend was in contrast to the previous survey where highest algal biomass was recorded at the 
control site (USC). The blue-green algal community was dominated by Anabaena. On average the total 
biomass at all transects was much lower than during the previous (March 2015) survey.  
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Figure 15. Variation of algal biomass across the three study sites, at SON June 2015 
 
Transect WIC had a higher total biomass compared to the rest of the study transects. However, a 
comparison between the June and March 2015 surveys indicated much higher biomass in March 
than in the June survey. Low species diversity has been recorded in both surveys with respect to 
the Green algae and Diatom community compared to blue-green algae (Table 2). The low algal 
species composition at all the sites especially the diatom community in this river-like 
environment conforms to earlier studies in rivers by (Talling and Rzoska, 1967). The high 
biomass of the blue-green algae in present survey may be attributed to Anabaena and Microcystis 
which were in bloom at the time of sampling. Blue-green algae of the genera Microcystis, more 
especially Microcystis aeruginosa recently identified as the only toxin-producing blue-green 
algae in Ugandan freshwaters (Okello et al., 2009), was present at all the three study sites. Also 
during the present survey time it was noted that the lake had started experiencing the annual total 
mixing. The latter draws nutrients locked up in the bottom sediments into the water column 
including the productive euphotic zone, a situation that leads to proliferation of the biologically 
advantaged blue-green algae that have both an air vacuole to enable them float and the 
heterocystis, which helps them fix atmospheric nitrogen into their cells. 
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4.4 Zooplankton community 
4.4.1 Zooplankton composition 
The zooplankton community was constituted by Copepoda, Cladocera and Rotifera as the broad 
taxonomic groups.  Total zooplankton species numbered 24 compared to 31 in March 2015. 
Copepod species ranged between 2 and 5 (mean of 4); cladocerans were up to 4 species (mean of 
2) and rotiferans ranged between 6 and 12 (mean of 8). Total species numbers were between 10 
and 21 (mean of 13) (Table 3). Total species richness was highest in at USC2 (21 species), while 
the lowest occurred at DSC1 and DSC2 (10 species) (Table 3 &Fig. 16A). This trend was a 
change from previously-reported pattern (Mwebaza-Ndawula et al., 2013) where a species  
depression persistently occurred at the site with fish cages (WIC) and highest species richness at 
the control site (USC).The commonest copepod species (with > 70% frequency of occurrence) 
were: Thermodiaptomus galeboides (88%) and Thermcyclops neglectus (75%). Cladocera 
species with frequency of occurrence of ≥ 50% were: Bosmina longirostris, Moina micrura and 
Diaphanosoma excisum while the rotifer species in this category included Asplanchna sp. (88%) 
Brachionus anguralis (88%), B. calyciflorus (75%), Keratella tropica (100%), K. cochlearis 
(63%), Trichocerca cylindrica (50%) and Lacane bulla (75%) (Table 3). 
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Table 3. Zooplankton species composition, distribution and abundance (indiv. m
-2
) across study sites at SON fish farm, June 2015. 
 
 
USC 1 USC 2 WIC 1 WIC 2 WIC 3 DSC 1 DSC 2 DSC 3 Mean Min Max 
%age 
Frequency 
of 
Occurrence 
Copepoda  
  
 
  
  
    
Thermocyclops emini 606 4,446 
 
808 
 
269  404 817 - 4,446 63 
Thermocyclops incisus 202 
 
269  539 
 
236 808 257 - 808 63 
Thermocyclops neglectus 1,011 17,381 5,120 2,425 
  
943 1,617 3,562 - 17,381 75 
Thermodiaptomus galeboides  4,446 3,503 3,773 2,425 808 1,650 1,415 2,253 - 4,446 88 
Tropocyclops confinnis 202 7,680 
 
 
  
  985 - 7,680 25 
Tropocyclops tenellus 808 21,423 9,701  2,695 
 
 2,425 4,631 - 21,423 63 
Calanoid copepodites 2,627 48,100 9,431 7,276 3,234 
 
3,301 2,425 9,549 - 48,100 88 
Cyclopoid copepodite 34,964 288,601 147,130 98,087 96,200 19,671 37,726 25,263 93,455 19,671 288,601 100 
Nauplius larvae 131,568 823,362 605,496 337,644 407,437 54,702 201,360 128,739 336,289 54,702 823,362 100 
Cladocera  
  
 
  
  
    
Bosmina longirostris 202 1,213 539 808 
  
  345 - 1,213 50 
Ceriodaphnia cornuta  2,021 
 
 
 
269   286 - 2,021 25 
Diaphanosoma excisum 202 4,446 1,347  
 
539   817 - 4,446 50 
Moina micrura 3,234 7,276 
 
539 269 
 
  1,415 - 7,276 50 
Rotifera  
  
 
  
  
    
Asplanchna spp. 404 808 
 
2,156 5,659 1,347 10,610 1,011 2,749 - 10,610 88 
Brachionus angularis 808 6,871 5,659 1,886 6,737 
 
2,358 1,213 3,192 - 6,871 88 
Brachionus calyciflorus 1,011 4,042 
 
 539 808 236 1,415 1,006 - 4,042 75 
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Brachionus falcatus  808 808  
  
  202 - 808 25 
Euclanis sp  1,213 2,156  
  
  421 - 2,156 25 
Filinia longiseta  1,213 
 
539 
  
  219 - 1,213 25 
Filinia opoliensis  3,234 
 
 
  
472  463 - 3,234 25 
Keratella cochlearis 2,021 2,425 
 
 1,617 2,425  202 1,086 - 2,425 63 
Keratella tropica 2,425 8,084 13,743 5,659 7,815 2,425 1,179 8,690 6,253 1,179 13,743 100 
Lecane bulla  63,662 7,545 10,375 11,318 3,773  11,318 13,499 - 63,662 75 
Lecane luna  
 
2,964  
  
  371 - 2,964 13 
Synchaeta spp. 7,680 16,168 9,162 7,276 20,749 1,078 8,252 4,850 9,402 1,078 20,749 100 
Trichocerca cylindrica  6,467 1,886  
  
3,537 2,021 1,739 - 6,467 50 
Trichocerca spp.  
  
1,617 
  
  202 - 1,617 13 
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4.4.2 Zooplankton relative composition and abundance  
Two upstream sub-sites (USC2 and USC3) had high total numerical abundance. This observation 
was in contrast to that made in August 2014 wher highest abundance was reported at the site 
with fish cages (WIC). The change may have been influenced by the recent reorganisation and 
expansion of fish cages at the farm which affected the control site upstream. The lowest 
abundance occurred at DSC2 (369,004 ind. m
-2
) and WIC1 (565,042ind. m
-2
) (Fig 16B), while 
highest abundance was recorded at USC2 (4,451,917 ind. m
-2
) and USC3 (4,529,600 ind. m
-2
) 
(Fig. 16B). The two abundance figures are so far the highest recorded at the upstream site since 
the monitoring activities at the SON fish farm (Mwebaza-Ndawula et al., 2013).The zooplankton 
abundance increased progressively from DSC through WIC to USC (Fig. 16B). 
 
 
 
Figure 16. Variation of species richness (A) and numerical abundance (B) of zooplankton across study 
sites at SON cage fish farm, June 2015. Note differences on the y-axis scales. 
 
Copepods were the key contributors to total abundance with relative composition  of 92% to 
98% (Fig. 17B). Rotifer abundance indicated no clear trend across the study sites. USC3 and 
DSC2 showed highest rotifer relative composition with 7% and 8% respectively (Fig. 17B). With 
respect to relative species numbers, rotifers ranged from 43% to 60% compared to copepods 
(30% to 57%) and cladocerans (0% to 25%) (Fig. 17A). Rotifers were the most diverse group 
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ranging from 42% to 63% followed by copepods (20 – 40%) while for abundance copepods 
dominated with 82% – 94% (Fig. 17A & B). 
 
The upstream/control sites at USC have continued to show high numerical abundances and this 
observation is consistent with previous surveys and this is to some extent true for species 
richness. The trend may be explained by the generally deeper water column at this site that 
provides higher water volumes and therefore more habitable space for the zooplankton compared 
to the shallower areas at WIC and DSC with consequently much lower water volume. In 
addition, USC being upstream of the fish cages has no chance of possible impacts from the fish 
cages at WIC.  The persistent depression of species richness and abundance observed at WIC 
(Mwebaza-Ndawula et al., 2013) before the recent reorganization and expansion of fish cages at 
the farm, appears to have shifted to the downstream site, suggesting corresponding shift of fish 
cage impacts to this site. Copepods encountered in high numbers are those of the genera 
Tropocyclops and Thermocyclops that are reported to be resilient to predation pressure and thrive 
better in eutrophic water conditions (Mwebaza-Ndawula, 1994, Perbiche-Neves et al., 2013). 
Though much of the densities of Tropocyclops species  were high at the upstream site, there are 
reports of some species of Thermocyclops such as  T. decipiens (closely related to T. neglectus)  
being employed as indicators of eutrophic waters (Landa et al., 2007, Nogueira et al., 2008) 
because of their capacity to maintain high population densities in presence of a Cyanobacteria 
bloom.  
 
24 
 
 
 
Figure 17. Percentage species richness (A) and numerical abundance (B) across study sites at SON cages 
fish farm, June 2015 
The present results show zooplankton species to be stable, with the previously reported 
cyclopoid species (Tropocyclops tenellus and T. confinnis) dominating and a tremendous 
increase of zooplankton abundance in the newly established upstream sites compared to that 
reported in August 2014. The observation of lower species richness and abundance of 
zooplankton at WIC and DSC may indicate possible negative impacts upon the zooplankton 
community by activities around cages. However, there is need to confirm this observation from 
subsequent surveys. 
  
25 
 
4.5 Macro-benthic community 
 
4.5.1 Macro-benthos composition 
 
The macro-benthic community was made up of 8 broad taxonomic groups/taxa: namely: Bivalvia, 
Gastropoda (Mollusca), Ephemeroptera, Trichoptera, Odonata, Diptera (Arthopoda), Decapoda 
(Crustacea) and Annelids (Table 4).  
 
Table 4.  Occurrence of macro-benthos taxa across the study sites at SON fish farm, June 2015.  
P depicts presence of each taxon at the respective site 
  Study sites  
Bivalvia USC WIC DSC 
Caelatura hauttecoeuri   P   
Corbicula africana P P P 
Gastropoda       
Bellamya unicolor P P   
Biomphalaria sp. P P   
Gabbia humerosa P     
Melanoides tuberculata   P P 
Ephemeroptera       
Caenis sp.   P   
Povilla adusta   P   
Trichoptera       
Leptocerids   P   
Hydropsychids   P   
Diptera       
Chironomus sp.   P   
Clinotanypus sp. P   P 
Ceratopogonids   P P 
Chaoborus sp. P P P 
Decapoda       
Caridina nilotica P P P 
Annelida       
Oligochaetes P P P 
 
 
 
4.5.2. Macro-benthos species richness 
 
Taxa number of macro-benthos was higher at the site with fish cages (WIC) relative to the 
number at the control site (USC) and the downstream site (Fig. 18). 
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Figure 18. Variation of macro-benthos taxa/species across study sites at SON fish farm, June 
2015. 
 
4.5.3 Numerical abundance of macro-benthos 
 
Overall numerical abundance of macro-benthos was much higher (1793 ind. m
-2
) at the control 
site (USC) and was lowest (560 ind. m
-2
) at the site with fish cages (WIC) (Fig. 19). 
 
 
 
 
Figure 19. Variation of macro-benthos numerical abundance across study sites at SON fish farm, 
June 2015. 
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The trend in the absolute total abundance of benthic macro-invertebrates in this and previous 
surveys was a reflection of total mean densities of key broad taxa (i.e. Bivalvia, Gastropoda, 
Diptera etc.).  
Since the sampling points were revised due to the reorganization and increase of cage numbers at 
SON, there have been notable observations some of which are consistent or slightly deviating 
from previous surveys and the baseline study. For the example, the genus Chironomus which 
used to dominate the dipterans larvae appears to be not so pronounced in the current surveys. 
The presence of EPTs at the WIC site in the current surveys has also been noted in earlier 
surveys. The organisms under the category EPTs, which are indicators of good water quality 
were only reported in USC and DSC areas (but not at the site with fish cages (WIC) during the 
first monitoring surveys) (see SON 2011 and 2012 reports).  
A total sixteen taxa were encountered in the current (June 2015) survey. This same number of 
taxa was also reported in the November 2014 survey report. This number is 5 - 6 taxa less than 
that recorded in the five earlier surveys where 19 – 26 taxa were encountered in the 2011-2012 
survey reports. There has been also been a slight decrease in the total numerical abundance of 
macro-benthos mainly due to general decrease in the densities in the WIC area. Some of these 
changes could be associated with the corresponding changes in the nature of the bottom 
sediments in these areas. Stark et al. (2001) reported that bottoms with soft mud may have low 
invertebrate densities in comparison with hard-bottomed sites. This then may explain the 
observed changes in the present results probably due to change of bottom substrata to 
gravel/sand at WIC replacing the soft silt-like bottom type in the earlier WIC sites (Table 5).  
Table 5. Temporal changes in nature of bottom substrata at the three study sites at SON fish 
farm, June 2015 
 USC WIC DSC 
General bottom 
type during the 
present (June 
2015) survey 
Gravel, Flocculent 
organic material  
Gravel with some 
filamentous algal 
remains  
Soft mud/silt and 
organic debris; rocky 
General bottom 
type during the 
2011 surveys 
Gravel/ stony, sand 
  
Silt with some sand, 
decomposed organic 
material and shells. 
 
Bare/rocky (with 
trace filamentous 
algal material) 
As in previous surveys, total abundance of benthic macro-invertebrates was dominated by 
dipterans, and in this particular case, Chaoborus sp. This taxon was most abundant at USC where 
in some hauls the bottom type (the flocculent organic material) appears to have been the favoring 
factor for the taxon and others like gastropods and bivalves which also contributed substantially 
to the total abundance of macro-benthos. It is therefore asserted that when the bottom type/nature 
is altered, impacts may be manifested in the changed community structure of the benthic macro-
invertebrates.  
28 
 
From benthic macro-invertebrate composition and abundance results, the water conditions 
prevailing in the farm area have apparently not indicated much change but there have been 
notable changes in the bottom substrata with corresponding changes in composition of macro-
benthic community. The current monitoring points should be permanently fixed for reference 
purposes regardless of future changes in the farm size so that any new community change can 
easily be identified along with the prevailing environmental conditions.  
Therefore, while the spatial patterns depicted in figures 18 and 19 above may indicate possible 
impacts from cage fish operations at WIC, the apparent changes in the bottom substrata may also 
have their impacts on the community structure of the organisms. 
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4.6  Fish Community 
 
4.6.1 Fish Catch composition and species diversity 
The fish community was composed of 4 fish species including haplochromines (Nkejje) as a 
single species group, a number close to 5 species recorded in  March 2015 survey. Numerically, 
haplochromines (Nkejje) and Lates niloticus were the dominant species contributing 42.6% each, 
followed by Synodontis afrofischeri and Mormyrus kannume (Elephant snout fish) at 7.1% each 
(Table 6). Lower fish species number (2 species) was recorded downstream (DSC) of the fish 
cages and at the control site (USC). Higher species number (3 species) was recorded at the site 
with fish cages (WIC). 
 
Table 6. Composition and catch rates (numerical) of fish species across the study sites at SON 
cage fish farm, June 2015 
 
Sampling period       
Date of sampling     Jun-15 
Season     Wet 
Family Species Site   
Mormyridae Mormyrus kannume USC 0 
    WIC 0 
    DSC 0.15 
    All 0.05 
  Synodontis afrofischeri USC 0 
    WIC 0.5 
    DSC 0 
    All 0.2 
Centropomidae Lates niloticus USC 0.2 
    WIC 0.6 
    DSC 0.1 
    All 0.3 
  Haplochromines USC 1.3 
    WIC 1.8 
    DSC 0 
    All 1 
 
 
Overall fish catch rates by numbers indicated a peak value (1.3/net/night) at the site with fish 
cages (WIC) and lowest rates (0.2/net/night) at the downstream site (DSC) (Fig. 20) 
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Figure 20. Overall fish catch rates by numbers across study sites at SON fish farm, June 2015 
 
 
By weight, L. niloticus (73.2%) was followed by M. kannume (19.6%), haplochromines (3.9%) 
and S. afrofischeri (3.3%) (Table 7).  Fish abundance was highest at the WIC site (60.7%) 
followed by upstream/control site (28.6%) and downstream site (10.7%). The highest biomass 
(Table 7) was recorded downstream of the cages (45.0%) followed by the WIC site (40.9%) and 
upstream (14.1%). 
 
Table 7.  Fish catch rates (by weight (g) across the study sites at SON cage fish farm, June 2015 
 
Sampling period     Q2 
Date of sampling     
June 
2015 
Season     Wet 
Family Species Site   
Mormyridae Mormyrus kannume USC 0 
    WIC 
0 
    DSC 59.2 
    All  19.7 
Mochokidae Synodontis afrofischeri USC 0 
    WIC 32.5 
    DSC 0 
    All  10.8 
Centropomidae Lates niloticus USC 35.8 
    WIC 109 
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    DSC 76.9 
    All  73.9 
  Haplochromines USC 22.5 
    WIC 16.3 
    DSC 0 
    All  12.9 
  
Overall fish catch rates by weight was higher at WIC and DSC and contrastingly low at USC 
(Fig. 21) 
 
 
Figure 21. Overall fish catch rates by weight across study sites at SON fish farm, June 2015 
 
 
The overall mean catch rates during the period of June 2015 was 0.7 fish/net/night and 
100.9g/net/night compared to 1.3 fish/net/night and 119.7g per net per night recorded in March 
2015.   
 
4.6.2 The haplochromines    
Four species of haplochromines were caught during the June 2015 survey (Table 8). 
Numerically, Astatotilapia sp. were the most dominant (41.7%), followed by Psammochromis 
riponianus (25.0%), Lithochromis sp., (25.0%) and Harpagochromis guiarti (8.3%).  The highest  
haplochromine species number was 3 caught upstream (USC) the fish cages and the lowest (2 
species)was from the site with fish cages (WIC). No haplochromines were recorded from the 
downstream (DSC) site. The haplochromines recorded during this period belonged to 4 genera, 
namely: Psammochromis, Lithochromis, Harpagochromis, and Astatotilapia.   
Haplochromine catch rates by numbers were highest at the site with fish cages and none was 
caught downstream of the fish cages (Fig. 22). Catch rates by weight depicted a peak value at the 
upstream (USC)  site (Fig. 23). 
0 
20 
40 
60 
80 
100 
120 
140 
160 
USC WIC DSC 
Fi
sh
 c
at
ch
 r
at
e
s 
b
y 
w
e
ig
h
t 
(g
) 
Study sites 
32 
 
Table 8. Catch rates (by numbers) of haplochromine species across study sites at SON cage fish 
farm, June 2015 
 
Date of sampling 
 
  
June 2015 
Season 
 
  Wet 
Genus Species Site 
 
 Astatotilapia Astatotilapia sp USC 0.3 
  
 
WIC 1 
  
 
DSC 0 
  
 
All sites 0.4 
Harpagochromis H. guiarti USC 0.3 
  
WIC 0 
  
DSC 0 
  
All sites 0.1 
Lithochromis Lithochromis sp USC 0.8 
  
 
WIC 0 
  
 
DSC 0 
  
 
All sites 0.3 
Psammochromis P. riponianus USC 0 
  
 
WIC 0.8 
  
 
DSC 0 
  
 
All sites 0.3 
Overall contribution 
 
USC 
62.5 
  
 
WIC 41.2 
  
 
DSC 0 
  
 
All sites 42.9 
No of species caught 
 
USC 3 
  
 
WIC 2 
  
 
DSC 0 
  
 
All sites 4 
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Figure 22. Haplochromine catch rates (by numbers) at the study sites, June 2015 
 
Figure 23. Haplochromine catch rates by weight (g) at the SON study sites, June 2015 
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4.6.3 Some aspects of the biology of common fish species 
Table 9.  Basic biological parameters of fish species caught from SON Fish cage site, June 2015. 
 Sampling period  Parameter   
 Date of sampling   Jun-15 
Season   Wet 
Species     
Lates niloticus Size range (cm) 10.1 – 41.9 
  %  mature 8.3 
  Main food type 
Haplochromines 
  Parasites found 0 
  Number examined 12 
Haplochromines Size range (cm) 8 – 12.5 
  %  mature 100 
  Main food type Insect larvae 
  Parasites found (% infection) 0 
  No examined 11 
Mormyrus kannume Size range (cm) 33.1 – 33.3 
  %  mature 50 
  Main food type Povilla 
  Parasites found 0 
  No examined 2 
Synodontis afrofischeri Size range (cm) 14.6 – 15.3 
  %  Mature 100 
  Main food type Caridina 
  Parasites found 0 
  No examined 2 
 
 
Synodontis afrofischeri and the haplochromines examined during the survey were mature.  Only 
one Nile perch specimen was mature. All the other specimens examined were immature (Table 
8). 
 
The diet of fishes encountered during the survey comprised mostly fish prey and insects, which 
are known natural foods of the species caught in the experimental gillnets (Table 9). 
 
Infection by fish parasites during the survey was not observed in any fish specimen from the 
experimental gillnets. 
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4.6.5 Conclusion (Fish community) 
Catch rates by number and weight were lower in June 2015 when compared to that of March 
2015 and November 2014. The reduction in fish catches was probably due to fishery activities 
near the cage site or a seasonal feature in the area. All the fish species examined had fed on 
naturally occurring food organisms, dominated by aquatic insect larvae.   
 
The data showed no evidence of possible impacts from the fish cages upon the wild fish stocks.  
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5.0 OVERALL CONCLUSION 
Some sections of the present data indicated possible positive impacts of the fish cages on, for 
example, algal biomass, macro-benthos taxa/species richness and fish catch rates but these trends 
await confirmation by subsequent surveys. On the other hand, sections of the data indicated 
negative impacts such as was the case  on macro-benthos abundance; but also pending 
confirmation by future survey results. Nonetheless the recovery of pollution-sensitive EPT 
organisms indicated generally healthy water quality conditions in the study area. Examination of 
the data on the various physical-chemical parameters gave no indication of a clear pattern across 
the study sites but water quality conditions were generally normal and expected in Lake Victoria 
inshore areas.  
 
Therefore overall, there were both positive and negative tendencies detected during the June 
2015 survey but these trends are at present considered transitional and must await confirmation 
in case observed patterns become persistent.  
 
6.0 RECOMMENDATIONS 
Quarterly environment monitoring must be taken seriously in order to reveal the true trends from 
what has been observed with respect to various parameters under investigation/surveillance. 
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Appendix 1. 
Catch rates (numbers) of fish species from SON FISH cages obtained during  
              2013, 2014 and 2015 
 
Sampling 
period     
H1 H2  H1 H2    
Date of 
sampling     
May
2013 
Sep. 
2013 
Nov 
2013  
Marc
h 
2014 
Aug. 
2014 
Nov. 
2014 
Marc
h 
2015 
June 
2015 
Season     Wet Wet Dry Wet Dry Wet Dry Wet 
Family Species Site         
Protopteridae Protopterus aethiopicus 
US
C 
0 0 0 0 0 0 0 0 
  
WI
C 
0 0 0 0 0 0 0 0 
  
DS
C 
0.08 0 0 0 0 0 0 0 
  
All 0.03 0 0 0 0 0 0 0 
   
        
Mormyridae Mormyrus kannume 
US
C 
0.08 0 0 0.3 0 0 0.2 0 
    
WI
C 
0 0.13 0 0 0 0 0.1 0 
    
DS
C 
0 0 0 0 0.08 0.23 0 0.15 
    All  0.03 0.04 0 0.1 0.03 0.08 0.1 0.05 
   
        
Characidae Brycinus jacksonii 
US
C 
0 0 0 0 0 0 0 0 
    
WI
C 
0 0 0 0 0 0 0 0 
    DS 0 0 0 0 0 0 0 0 
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C 
    All  0 0 0 0 0 0 0 0 
   
        
 
Brycinus sadleri 
US
C 
0 0 0 0 0 0 0 0 
  
WI
C 
0 0 0 0 0 0 0 0 
  
DS
C 
0 0 0.3 0 0 0 0 0 
  
All 0 0 0.1 0 0 0 0 0 
   
        
Clariidae Clarias alluaudi 
US
C 
0 0 0 0 0 0 0 0 
  
WI
C 
0 0 0 0 0 0 0 0 
  
DS
C 
0 0 0 0 0 0 0 0 
  
All  0 0 0 0 0 0 0 0 
   
        
 
Clarias gariepinus 
US
C 
0 0.08 0 0.1 0 0 0 0 
  
WI
C 
0 0 0 0 0 0 0 0 
  
DS
C 
0 0 0 0 0 0 0.3 0 
  
All  0 0.05 0 0.03 0 0 0.1 0 
   
        
 Mochokidae Synodontis victoriae 
US
C 
0 0 0 0 0 0 0 0 
    
WI
C 
0 0 0 0 0 0 0 0 
    DS 0  0 0 0 0.25 0 0 
44 
 
C 
    All  0 0 0 0 0 0.08 0 0 
   
        
 
Synodontis afrofischeri 
US
C 
0 0 0 0.3 0 0.4 0 0 
    
WI
C 
0.13 0.5 0 0 0 4.5 0 0.5 
    
DS
C 
0 0 0 0 0 6.5 0 0 
    All  0.04 0.17 0 0.1 0 3.8 0 0.2 
   
        
Centropomidae Lates niloticus 
US
C 
0.38 0 0 0.2 0.08 1.5 0.2 0.2 
    
WI
C 
0.08 0.08 0 0 0.3 0.2 0 0.6 
    
DS
C 
0.08 0 0.2 0 0.08 0.4 0 0.1 
    All  0.18 0.03 0.1 0.03 0.2 0.7 0.1 0.3 
   
        
Cichlidae Tilapia zillii 
US
C 
0 0.12
5 
0.1 0 0 0 0 0 
    
WI
C 
0 0 0 0 0 0 0 0 
    
DS
C 
0 0 0 0 0 0 0 0 
    All  0 0.04 0.03 0 0 0 0 0 
   
        
  Oreochromis niloticus 
US
C 
0 0 0.1 0 0 0 0 0 
    
WI
C 
0 0 0 0 0.08 0 0 0 
    DS 0 0 0 0 0 0 0.1 0 
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C 
    All  0 0 0.03 0 0.03 0 0.02 0 
   
        
 
Haplochromines 
US
C 
0.75 1.5 29.8 8.3 8 0.3 2.8 1.3 
 
  
WI
C 
0.25 0.5 46.3 0 0.5 4.5 1.8 1.8 
 
  
DS
C 
0 0 8.3 0 0.5 22.3 5.8 0 
 
  All  0.33 1.8 28.1 2.7 3 9 3.4 1 
   
        
Overall Rates   
US
C 
1.3 0.6 9.3 2.9 2.5 1.8 1.2 0.6 
    
WI
C 
0.5 0.6 14.2 0 3.4 4.4 0.6 1.3 
    
DS
C 
0.15  2.8 0.1 0.3 11.7 2.2 0.2 
    All  0.7 0.8 8.8 1 2.1 6.0 1.3 0.7 
   
        
No of species 
recovered   
US
C 
 
3 
 
3 
3 3 2 3 3 2 
    
WI
C 
3 4 1 0 3 3 2 3 
    
DS
C 
2  3 1 3 5 3 2 
    All  5 6 5 4 4 6 5 4 
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Appendix 2. 
Catch rates by weight (g) of fish caught in SON FISH cage site during the 2013, 2014 and 2015 sampling periods 
Sampling period     H1 H2  H1 H2  Q1 Q2 
Date of sampling     
May 
2013 
Sep. 
2013 
Nov. 
2013 
March 
2014 
August 
2014 
Nov.  
2014 
March 
2015 
June 
2015 
Season     Wet Wet Dry Wet Dry Wet Dry Wet 
Family Species Site         
Protopteridae Protopterus aethiopicus USC 0 0 0 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0 0 0 0 
  
All 51.3 0 0 0 0 0 0 0 
Mormyridae Mormyrus kannume USC 47.5 0 0 58.5 0 0 19.7 0 
    WIC 0 42.9 0 0 0 0 4.9 0 
    DSC 0 0 0 0 24.7 13.5 0 59.2 
    All  15.8 14.3 0 19.5 8.2 4.5 8.2 19.7 
   
        
Characidae Brycinus jacksonii USC 0 0 0 0 0 0 0 0 
    WIC 0 0 0 0 0 0 0 0 
    DSC 0 0 0 0 0 0 0 0 
    All  0 0 0 0 0 0 0 0 
   
        
 
Brycinus sadleri USC 0 0 2 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 2 0 0 0 0 0 
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All 0 0 0.7 0 0 0 0 0 
   
        
Clariidae Clarias alluaudi USC 0 0 0 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0 0 0 0 
  
All  0 0 0 0 0 0 0 0 
   
        
 
Clarias gariepinus USC 0 228.3 0 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 235.8 0 0 221.5 0 
  
All  0 153.9 0 79.5 0 0 73.8 0 
   
        
Mochokidae Synodontis afrofischeri USC 0 0 0 10.4 0 22 0 0 
    WIC 8.75 22.9 0 0 0 235.6 0 32.5 
    DSC 0 0 0 0 0 144.9 0 0 
    All  5.83 7.6 0 3.5 0 134.2 0 10.8 
   
        
  Synodontis victoriae USC 0 0 0 0 0 0 0 0 
    WIC 0 0 0 0 0 0 0 0 
    DSC 0 0 0 0 0 10 0 0 
    All  0 0 0 0 0 3.3 0 0 
   
        
Centropomidae Lates niloticus USC 189.23 0 0 6.5 5.1 220.3 2.8 35.8 
    WIC 4.23 0.7 0 0 4.8 171.2 0 109 
    DSC 1.92 0 6.5 0 0.5 22.2 0 76.9 
    All  65.1 0.2 2.2 18.9 3.5 137.9 0.9 73.9 
   
        
Cichlidae Tilapia zillii USC 0 9.9 8 0 0 0 0 0 
 
  WIC 0 0 0 0 0 0 0 0 
 
  DSC 0 0 0 0 0 0 0 0 
 
  All  0 3.3 2.7 0 0 0 0 0 
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Oreochromis niloticus USC 0 0 111.7 0 0 0 0 0 
 
  WIC 0 0.7 0 0 35.8 0 0 0 
 
  DSC 0 0 0 0 0 0 10.6 0 
 
  All  0 0.2 37.2 0 11.9 0 3.5 0 
   
        
 
Haplochromines USC 14.5 29.5 481 72.3 75 2.5 24.3 22.5 
    WIC 5.0 4.5 650..5 0 4 29.5 43.5 16.3 
    DSC 0 0 81 0 12.7 375 255.5 0 
    All  19.5 21.9 404.2 24.1 30.6 135.7 107.8 12.9 
   
        
Overall Rates   USC 251.2 243.5 254.6 121.5 28.1 234.6 30 42.7 
    WIC 18.0 42.5 200.2 0 99.1 325.4 18.3 124 
    DSC 155.8  0.2 235.8 29.1 250.9 310.7 136.2 
    All  144.6 176.4 165.6 120 52.1 270.3 119.7 100.9 
   
        
No of species 
recovered   USC 
 
3 
 
3 
3 3 2 3 3 2 
    WIC 3 4 1 0 3 3 2 3 
    DSC 2  3 1 3 6 3 2 
    All  5 6 5 4 4 6 5 4 
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Appendix 3. 
Catch rates (by numbers) of haplochromine species from SON FISH cage site obtained during surveys carried out in the years 2013, 
2014.and 2015 
 
Sampling period 
 
  H1 H2       
Date of sampling 
 
  
May 
2013 
Sep. 
2013 
Nov. 
2013 
March 
2014 
Aug
2014 
Nov.
2014 
March 
2015 
June 
2015 
Season 
 
  Wet      Dry Wet 
Genus Species Site 
        
Astatoreochromis A. alluaudi USC 0 0 0.3 0 0 0 0 0 
  
 
WIC 0 0 0 0 0 0 0 0 
  
 
DSC 0 0 0.3 0 0 2 1 0 
  
 
All sites 0 0 0.2 0 0 0.7 0.3 0 
Astatotilapia A. macrops USC 0 0 0 0 0.3 0 0 0 
  
WIC 0 0 0 0 0.5 0 0 0 
  
DSC 0 0 0 0 0.3 0 0 0 
  
All sites 0 0 0 0 0.3 0 0 0 
 
A. martini USC 0 0 0 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0 0 0 0 
  
All sites 0 0 0 0 0 0 0 0 
 
A. pallida USC 0 0 0 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0 0 0 0 
  
All sites 0 0 0 0 0 0 0 0 
 
A. "thick lip" USC 0 0 0.3 0 0 0 2.5 0 
  
 
WIC 0 0 0 0 0 0 0 0 
  
 
DSC 0 0 0 0 0 0 0 0 
  
 
All sites 0 0 0.1 0 0 0 0.8 0 
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  A. "pink anal" USC 0 0 0 0.3 0 0 0 0 
  
 
WIC 0 0 0 0 0 2 0 0 
  
 
DSC 0 0 0 0 0 0 0 0 
  
 
All sites 0 0 0 0.1 0 0.7 0 0 
  Astatotilapia sp USC 0 0 22.5 8 7 0 0 0.3 
  
 
WIC 0 0.3 34 0 0 0.5 0.5 1 
  
 
DSC 0 0.8 6.3 0 0 15.8 0.3 0 
  
 
All sites 0 1 20.9 2.7 2.3 5.4 0.3 0.4 
Harpagochromis H. guiarti USC 0 0 0 0 0 0 0 0.3 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0 0 0 0 
  
All sites 0 0 0 0 0 0 0 0.1 
Lipochromis L. parvidens USC 0 0 0 0 0 0 0 0 
  
 
WIC 0 0 0 0 0 0 0 0 
  
 
DSC 0 0 0 0 0 0 0 0 
  
 
All sites 0 0 0 0 0 0 0 0 
Lithochromis Lithochromis sp USC 0 0 0 0 0 0 0.3 0.8 
  
 
WIC 0 0 0 0 0 2 0 0 
  
 
DSC 0 0 0 0 0 3 0 0 
  
 
All sites 0 0 0 0 0 1.7 0.1 0.3 
Mbipia M."blue" USC 0 0 0 0 0 0 0 0 
  
 
WIC 0 0 0 0 0 0 0 0 
  
 
DSC 0 0 0 0 0 0 0 0 
  
 
All sites 0 0 0 0 0 0 0 0 
 
M. mbipi USC 0 0 0 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0 0 2.5 0 
  
All sites 0 0 0 0 0 0 0.8 0 
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Paralabidochromis P. "blackpara" USC 0 0 5.5 0 0.25 0 0 0 
  
 
WIC 0 0 9.3 0 0 0 0.5 0 
  
 
DSC 0  1.3 0 0 0 0 0 
  
 
All sites 0 0 5.3 0 0.03 0 0.2 0 
 
P. redfin UPC 0 0 0 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0.25 0 0 0 
  
All sites 0 0 0 0 0.03 0 0 0 
 
P. victoriae USC 0 0 0 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0 0 0 0 
  
All sites 0 0 0 0 0 0 0 0 
Psammochromis P. riponianus USC 0 1.5 1.3 0 0.5 0.3 0 0 
  
 
WIC 0 0.3 0.8 0 0 0 0.8 0.8 
  
 
DSC 0 0 0.5 0 0 1 2 0 
  
 
All sites 0 1.8 0.8 0 0.2 0.4 0.9 0.3 
Ptyochromis P. sauvagei USC 0.25 0 0 0 0 0 0 0 
  
 
WIC 0 0 2.3 0 0 0 0 0 
  
 
DSC 0 0 0 0 0 0.3 0 0 
  
 
All sites 0.1 0.4 0.8 0 0 0.1 0 0 
 
P. xenognathus USC 0.25 1.4 0 0 0 0 0 0 
  
WIC 0.25 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0 0 0 0 
  
All sites 0.2 0.5 0 0 0 0 0 0 
Pundamilia Pundamilia sp USC 0 0 0 0 0 0 0 0 
  
 
WIC 0 0 0 0 0 0 0 0 
  
 
DSC 0 0 0 0 0 0 0 0 
  
 
All sites 0 0 0 0 0 0 0 0 
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  P. macrocephala USC 0 0 0 0 0 0 0 0 
  
 
WIC 0 0 0 0 0 0 0 0 
  
 
DSC 0 0 0 0 0 0 0 0 
  
 
All sites 0 0 0 0 0 0 0 0 
Xystichromis X. "earthquake" USC 0 0 0 0 0 0 0 0 
  
 
WIC 0 0 0 0 0 0 0 0 
  
 
DSC 0 0 0 0 0 0 0 0 
  
 
All sites 0 0 0 0 0 0 0 0 
 
X. phytophagus USC 0 0 0 0 0 0 0 0 
  
WIC 0 0 0 0 0 0 0 0 
  
DSC 0 0 0 0 0 0 0 0 
  
All sites 0 0 0 0 0 0 0 0 
 
 
          
Overall Contribution 
 
USC 
 
33.3 
75.0 
 
98.3 86.8 97.0 4.2 73.3 62.5 
  
 
WIC  25.0 100 0 28.6 31.6 87.5 41.2 
  
 
DSC   89.2 0 50 58.6 82.1 0 
  
 
All sites  70.9 98.3 84.6 81.8 46.4 80.4 42.9 
  
 
          
No of species 
recovered 
 
USC 
 
3 
 
1 
5 2 4 1 2 3 
  
 
WIC 1 2 4 0 1 3 3 2 
  
 
DSC 0  4 0 2 6 4 0 
  
 
All sites 3 4 6 2 5 7 6 4 
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Appendix 4. Composition, occurrence of macro-benthos taxa across study sites at SON cage fish farm, March, August & November 
2014 and March & June 2015. (P = present)  
 
Taxa 
Sites sampled 
USC WIC DSC 
M
ar
.1
4
 
A
u
g
.1
4
 
N
o
v
.1
4
 
M
ar
.1
5
 
Ju
n
.1
5
 
M
ar
.1
4
 
A
u
g
.1
4
 
N
o
v
.1
4
 
M
ar
.1
5
 
Ju
n
.1
5
 
M
ar
.1
4
 
A
u
g
.1
4
 
N
o
v
.1
4
 
M
ar
.1
5
 
Ju
n
.1
5
 
Bivalvia                               
Byssanodonta parasitica P P   P   P P P P             
Caelatura monceti P     P     P   P             
Caelatura allauadi   P                           
Caelatura hauttecoeuri P P   P   P P P P P     P     
Corbicula africana P P P P P P P   P P P P P P P 
.Mutera bourgguignati                               
Aspatheria sp.  P               P             
Sphaerium sp.               P               
Pisidium victoriae   P                           
Gastropoda                               
Bellamya unicolor P P     P P P P P P P P P     
Biomphalaria sp. P     P P P   P P P           
Pila ovata                               
Bulinus sp.           P                   
Gabbia humerosa         P                 P   
Melanoides tuberculata P P   P   P P P P P   P P   P 
Anisus natalensis P         P                   
Ephemeroptera                               
Caenis sp.       P   P P     P   P P P   
Ephemerella sp.                               
Povilla adusta   P       P       P P P   P   
Baetidae                               
Leptophlebids   P             P         P   
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Heptageniids           P                   
Trichoptera                               
Leptocerids                   P           
Psychomyiids P P         P                 
Brachycentrids                               
Lemnophilids                               
Hydropsychids                   P           
Odonata                               
Libellulids       P                 P     
Diptera                               
Ablabesmyia sp P     P                   P   
Chironomus sp.   P   P   P P P P P P P P P   
Clinotanypus sp.       P P P   P P   P   P   P 
Cryptochironomus sp. P                             
Procladius sp.                               
Tanypus sp.       P       P       P P P   
Tanytarsus sp.                 P     P P     
Chironomins P P       P P P     P P P     
Ceratopogonids                   P   P P P P 
Chaoborus sp. P P P P P   P P P P P P P   P 
Decapoda                               
Caridina nilotica   P     P         P         P 
Annelida                               
Hirudines                       P       
Oligochaetes P       P P P   P P P     P P 
No. of taxa 15 14 2 13 8 15 12 11 14 14 8 12 13 10 7 
Overall total means 752 448 299 1737 1793 607 493 187 1947 560 542 735 383 714 882 
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Appendix 5.  Zooplankton species composition, distribution and abundance (indiv. m
-2
) across study sites at SON fish farm, June 
2015. 
 
 
USC 1 USC 2 WIC 1 WIC 2 WIC 3 DSC 1 DSC 2 DSC 3 Mean Min Max 
%age 
Freqof 
Occurrence 
Copepoda  
  
 
  
  
    
Thermocyclops emini 606 4,446 
 
808 
 
269  404 817 - 4,446 63 
Thermocyclops incisus 202 
 
269  539 
 
236 808 257 - 808 63 
Thermocyclops neglectus 1,011 17,381 5,120 2,425 
  
943 1,617 3,562 - 17,381 75 
Thermodiaptomus galeboides  4,446 3,503 3,773 2,425 808 1,650 1,415 2,253 - 4,446 88 
Tropocyclops confinnis 202 7,680 
 
 
  
  985 - 7,680 25 
Tropocyclops tenellus 808 21,423 9,701  2,695 
 
 2,425 4,631 - 21,423 63 
Calanoid copepodites 2,627 48,100 9,431 7,276 3,234 
 
3,301 2,425 9,549 - 48,100 88 
Cyclopoid copepodite 34,964 288,601 147,130 98,087 96,200 19,671 37,726 25,263 93,455 19,671 288,601 100 
Nauplius larvae 131,568 823,362 605,496 337,644 407,437 54,702 201,360 128,739 336,289 54,702 823,362 100 
Copepoda Species richness (6) 5 5 4 3 3 2 3 5 4 2 5 
 
Total Copepoda abundance 171,988 1,215,439 780,651 450,013 512,529 75,451 245,217 163,096 451,798 75,451 1,215,439 
 
Cladocera  
  
 
  
  
    
Bosmina longirostris 202 1,213 539 808 
  
  345 - 1,213 50 
Ceriodaphnia cornuta  2,021 
 
 
 
269   286 - 2,021 25 
Diaphanosoma excisum 202 4,446 1,347  
 
539   817 - 4,446 50 
Moina micrura 3,234 7,276 
 
539 269 
 
  1,415 - 7,276 50 
Cladocera Species richness (4) 3 4 2 2 1 2 - - 2 - 4 
 
Cladocera abundance 3,638 14,956 1,886 1,347 269 808 - - 2,863 - 14,956 
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Rotifera  
  
 
  
  
    
Asplanchna spp. 404 808 
 
2,156 5,659 1,347 10,610 1,011 2,749 - 10,610 88 
Brachionus angularis 808 6,871 5,659 1,886 6,737 
 
2,358 1,213 3,192 - 6,871 88 
Brachionus calyciflorus 1,011 4,042 
 
 539 808 236 1,415 1,006 - 4,042 75 
Brachionus falcatus  808 808  
  
  202 - 808 25 
Euclanis sp  1,213 2,156  
  
  421 - 2,156 25 
Filinia longiseta  1,213 
 
539 
  
  219 - 1,213 25 
Filinia opoliensis  3,234 
 
 
  
472  463 - 3,234 25 
Keratella cochlearis 2,021 2,425 
 
 1,617 2,425  202 1,086 - 2,425 63 
Keratella tropica 2,425 8,084 13,743 5,659 7,815 2,425 1,179 8,690 6,253 1,179 13,743 100 
Lecane bulla  63,662 7,545 10,375 11,318 3,773  11,318 13,499 - 63,662 75 
Lecane luna  
 
2,964  
  
  371 - 2,964 13 
Synchaeta spp. 7,680 16,168 9,162 7,276 20,749 1,078 8,252 4,850 9,402 1,078 20,749 100 
Trichocerca cylindrical  6,467 1,886  
  
3,537 2,021 1,739 - 6,467 50 
Trichocerca spp.  
  
1,617 
  
  202 - 1,617 13 
Rotifera Species richness (14) 6 12 8 7 7 6 7 8 8 6 12 
 
Rotiferan Abundance 14,349 114,996 43,923 29,507 54,433 11,857 26,644 30,719 40,803 11,857 114,996 
 
Grandtotal Species richness (24) 14 21 14 12 11 10 10 13 13 10 21 
 
Grand total abundance 189,975 1,345,390 826,460 480,867 567,232 88,116 271,860 193,815 495,464 88,116 1,345,390 
 
 
